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Abstract Subtelomeric regions have been a target of structural
and functional studies of human chromosomes. Markers having a
defined structure are especially useful to such studies. Here, we
report 93 bp tandem repeat sequences found in the subtelomeric
region of human chromosome 21q. They were also detected in the
telomeric region of several other chromosomes. Interestingly, the
repeat was also found in the 2q13 region which is known to be a
position of chromosomal fusion, a major difference between the
human and chimpanzee karyotypes. To the best of our knowl-
edge, this repetitive sequence is a new member of human
subtelomeric interspersed repeats. ß 2000 Federation of Euro-
pean Biochemical Societies. Published by Elsevier Science B.V.
All rights reserved.
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1. Introduction
The chromosomal region adjacent to the telomeric repeat
array is commonly referred to as the subtelomeric region, and
is known to contain a variety of repeat sequences called telo-
mere-associated sequences, most of which are species-speci¢c
or shared only by closely related species [1^4]. In human cells,
variable repeat sequences have also been found in the region,
and these are collectively referred to as subtelomeric inter-
spersed repeats (STIR) [5]. For example, families of 29 bp,
37 bp, and 61 bp repeats present in TelBam 3.4 and TelSau2.0
sequences that are distributed among several chromosomes
[6]. It has been reported that the repeating structure at the
ends of chromosomes might function in inter-chromosomal
rearrangements during meiosis and mitosis, and might also
act as a bu¡er zone to protect genes near the telomere from
truncation caused by low telomerase activity [7,8].
In this study, we report a new STIR sequence composed of
a tandemly repeated 93 bp sequence covering a region of
about 1 kb, mapped to a location 7.5 kb from the telomeric
array of the long arm of human chromosome 21. Fluorescence
in situ hybridization (FISH) analysis revealed a speci¢c dis-
tribution of the repeat units among chromosomes. To the best
of our knowledge, this 93 bp repetitive sequence is a new
human STIR. In addition, the repeat was also found in the
genomic DNA of other species including chimpanzee.
2. Materials and methods
Construction of a human chromosome 21-speci¢c library will be
described elsewhere. Brie£y, human chromosome 21 was isolated
from a male lymphoblast cell line having a normal karyotype. Crude
chromosomes were extracted from M-phase cells and were stained
with Hoechst 33258 and chromomycin A3 prior to separation of in-
dividual chromosomes by means of a EPICS 750 cell sorter (Coulter,
USA). Droplets containing chromosome 21 were collected and the
DNA was isolated by the standard procedure. Fosmid vector
pKS143 containing the replication origin and genes to control segre-
gation of the F-plasmid and two cos sequences was constructed from
a derivative of the SuperCos1 plasmid (Stratagene, USA) and a mini-
F plasmid. Puri¢ed chromosomal DNA was fragmented by mechan-
ical shearing and ligated to the vector before in vitro packaging using
the GigaPackXL system (Stratagene, USA). Screening and isolation
of the F50F5 telomeric clone and DNA sequencing will be described
elsewhere (the accession number of the entire F50F5 is AP001478).
For the subcloning of the 93 bp repeat unit, P1-11C1 isolated from a
human chromosome-speci¢c P1 library was also used (unpublished
results obtained by H.-S. Park).
The mapping position of the 93 bp repeat was determined initially
through PCR analysis using sequence-tagged site (STS) primers spe-
ci¢c for the S100B gene (GDB: 185164) and the HRMT1L1 gene
(NM_001535.1, GenBank). The PCR primer pair Irep93-FOR (5P-
AGCCATGAATCAGGCATAAATA) and Irep93-REV (5P-GAAA-
TCGTGTTTGACCAGCT) was used to con¢rm the number of repet-
itive sequence units.
Human metaphase spreads were prepared independently from pe-
ripheral blood donated by two non-related normal male volunteers,
and analyzed by the standard R-banding FISH procedure [9]. Signals
detected at the same position on the same chromatid were scored.
Chimpanzee lymphoblast cell lines were a kind gift from Dr. T.
Ishida (The University of Tokyo).
3. Results
3.1. Detection and mapping of the 93 bp repeat sequences
To study the structural characteristics of the region adja-
cent to the telomere of human chromosome 21, we isolated
fosmid clone F50F5 and the P1 clone P1-11C1 from the chro-
mosome 21-speci¢c libraries using telomeric repeat and STS
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markers. From the results of DNA sequencing, we identi¢ed
93 bp repeating sequences in which highly homologous but
not identical unit sequences were tandemly repeated 10 times
(Fig. 1a). The exact position of this 93 bp repeats is 7361^
8103 nucleotides from the start point of the telomeric
(TTAGGG)n repeats (Fig. 1b).
3.2. Characterization of the 93 bp repetitive sequences
The nucleotide sequences of the 93 bp repeating units are
highly conserved (93^99%). No identical unit is present in our
sequence, and the positions of nucleotide substitution seem to
be quite limited within the repeating units (Fig. 1). To test if
the 93 bp is unique to chromosome 21, we surveyed the cur-
rently available nucleic acid databases using the BLAST pro-
gram at ¢rst; however, sequences showing clear similarity
were detected in human chromosomes 10, 19, and 22. Inter-
estingly, we also detected several sequences in the human EST
database that have similarity to the 93 bp units. However, the
93 bp units do not have a repeating open reading frame. No
oligopeptide having a corresponding amino acid sequence was
found in the protein databases. Thus it is unlikely that the
repeat structure either contains part of a gene cluster or en-
codes a repeating oligopeptide motif.
Since human genome sequencing is still in its early stages,
the above observations led us to experimentally survey homol-
ogous sequences in the human genome by the FISH technique
using the entire sequence or the repeat structure (Fig. 1b) as a
probe. As shown in Fig. 2, we detected strong positive signals
at the chromosomal loci 5qter, 7pter, 17qter, 19pter, 19qter,
20pter, 21qter, and 22qter. In addition, several weaker signals
could be detected at the telomeric region of other chromo-
somes (Fig. 2). The variable signal strength might re£ect dif-
ferent similarities or number of repeats between the repeat
structures. The 93 bp repeat was detected in the genomic
DNA of at least 10 di¡erent individuals (data not shown),
indicating that the repeat is widely conserved in the human
genome.
An interesting ¢nding was that we detected strong hybrid-
ization signals at the position of 2q13. Because this position is
known to be a remnant of an ancient chromosomal fusion
event possibly coupled to the divergence of humans from oth-
er primates [10,11], we further tested the existence of the 93 bp
repeat using genomic DNA of other species. As shown in Fig.
3, we detected the presence of similar 93 bp repeats in DNA
obtained from two di¡erent chimpanzees, but no signi¢cant
number of repeats was detected in mouse DNA using the
same PCR primers as with humans (Figs. 1 and 3). Thus,
we concluded that the 93 bp repeat is conserved not only in
human populations but also among primates and in other
species probably in a less prominent form. Since our present
resources are limited, detailed analysis is left for future study.
4. Discussion
The results of FISH analysis showed a de¢nite distribution
of the 93 bp repeats in the telomeric region of several chro-
mosomes, although their evolutionary relationship is unclear
Fig. 1. Position and structure of the 93 bp repeat units. a: Position
of the best known telomeric STS marker, HTRM1L1, which is lo-
cated about 35 kb from the 21q telomere (H.-S. Park, unpublished
observation). Fosmid clone F50F5 is the most telomeric clone iso-
lated in this study. Positions of the PvuII site, and the start and
end points of the 93 bp repeats are indicated. Nucleotide positions
are numbered from the start position of the telomeric repeats. Dot
matrix analysis demonstrated the presence of direct repeats between
positions 7361 and 8103. b: The 93 bp repeat unit is repeated
10 times between nucleotide positions 7361 and 8103. Nucleotides
identical to the ¢rst unit are replaced by dots. A single nucleotide
gap is represented by an asterisk. Arrowheads represent two sets of
primer oligonucleotides, Srep93 and Irep93.
Fig. 2. Distribution of the 93 bp repetitive sequences in the human
chromosomes. a: Example of R-banded FISH analysis. Positive sig-
nals are shown as bright dots. One chromosome 2 is seen at the
upper left corner. (b) Scores of positive signals are displayed to the
right of the ideogram of each chromosome. Only signals detected at
the same site on both chromatids were counted.
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at this time (Fig. 2). This restricted distribution of the 93 bp
repeats and sequence of the surrounding area may provide
useful clues to study the evolution of human chromosomes;
however, this remains a subject for future investigation.
Based on these observations, we regard this 93 bp repeat
sequence as a new member of the STIR family. Unlike other
STIR sequences found in the human genome [5,12,13], this is
the ¢rst example of a STIR whose exact chromosomal posi-
tion is known at the nucleotide level. In the reported chromo-
some 22 sequence, the 93 bp unit is repeated 14 times with 92^
98% sequence similarity ([14]; NT_001128, GenBank). A sim-
ilar inter-chromosomal distribution has been reported by
Brown et al., using the TelBam11 fragment isolated from a
YAC clone [6]. It has also been reported that the subtelomeric
region of each human chromosome contains a unique combi-
nation of STIR sequences, with a unique distribution [6,15].
From this point of view, the STIR sequences have been used
as genetic markers for studying the relationships between cer-
tain inherited disorders and the genes or sequences at the tips
of chromosomes [16^18]. The most telomeric clone, F50F5,
may be a useful DNA substrate to study functions of telomer-
ase, telomere binding proteins, or the mechanism of chromo-
somal stability and other telomere functions.
In the FISH analysis, a strong hybridization signal on chro-
mosome band 2q13 was obtained using the probe speci¢c for
the 93 bp repeat sequence (Figs. 1 and 2). This locus is
thought to be the point of fusion of ancestral chromosomes
found in the chimpanzee karyotype [10], which occurred a few
million years ago [19,20]. The telomeric array or repetitive
sequences in the subtelomeric region of the chromosomes
might be involved in this event [7,8,21]. The results of PCR
analysis (Fig. 3) suggest that similar 93 bp repetitive sequences
are conserved in the genomes of various species with variable
similarities and numbers of repeats.
Although our present knowledge of the molecular evolution
of human chromosomes and genome is quite limited, we be-
lieve that this kind of repeat sequence will be a good marker
in studies of the structure and evolution of the human genome
and chromosomes. The entire human genome sequence and
results of comparative genomic studies should shed further
light on this issue in the near future.
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Fig. 3. Detection of the 93 bp repetitive sequences in human, chim-
panzee, and mouse genomic DNAs by the PCR ampli¢cation meth-
od. Lane 3, human normal lymphoblast cell line; lanes 4 and 5,
chimpanzee DNAs isolated from two di¡erent specimens; lane 6,
mouse DNA. PCR reactions were carried out using Irep primers
(see Section 2, and the legend to Fig. 1) and 10^20 ng of DNA
(lane 2 indicates no DNA control) to obtain the 93 bp ladder. Lane
1, HaeIII digested PX174 DNA (numbers on the left indicate the
size of each fragment).
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